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CHAPTER I 

INTRODUCTION 

For over one hundred fifty years glass has been used as a cover 

for greenhouseso It is a rather expensive material~ however~ and subject 

to destruction by storms and vandalism. This has caused the greenhouse 

operator to look for other materials to replace glass and thus reduce 

the maintenance and insurance costs • 

. Most of the new materials developed as glass replacements have , 

been rejected for general use on greenhouses as unsuitable or uneconomical. 

Among the first materials used as glass substitutes on small structures 

such as plant beds and temporary greenhouses was a wide mesh wire screen 

covered with a transparent cellophane type of material. This became 

brittle and usually did.not last too long. After World War II polyeth

ylene plastics,were produced in such quantities as to make them economical 

for use in covering plant beds and temporary greenhouses. These materials 

were satisfactory for some purposes but could not be used permanently on 

large greenhouses. Polyethylene sheeting is usually quite thin and may 

become so torn or damaged by weathering and sunlight that ::tt has to be 

replaced. 

The development of clear plastic-fib.erglass panels. has introdu~~d 

a new type of ·materials f':or the possible construction of greenhouses. 

Plastic-fiberglass is semi-rigid and has more strength than glass. Thus 

it is possible to reduce the amount of framing required for greenhouse 

constr,iction~r ·and thereby offset the present high cost of; the fiberglasso 
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Since this material was originally produced for industrial purposes it 

comes in a great variety of c~lors. Thus, the following questions may 

arise: (1) .Could some other colors be used to advantage over the clear 

(transluscent) material? (2) What will be the effect of light trans

mitted through these colors on rooting, growth, and flowering of various 

plants? 

A study was conducted in the Horticulture Department greenhouses at 

Oklahoma State University from January to July 1959 by Dr. Robert P. Ealy, 

Dr. SaI!D.l.el C. Wiggans and Professor Richard N. Payne using various 

colored cellophane as light filters on frames over plant propagation 

benches. Their results indicated that certain colors of light seemed 

to be more favorable for the rooting of cuttings than others. The 

colored cellophane tended to fade, however, under high light intensities 

and was too fragile to be used in greenhouse construction or to cover 

existing propagation beds satisfactorily. Thus it became necessary 

to secure a more permanent type of light filter for future studies. 

Reducing the time necessary for the rooting of cuttings and 

developing a better root system in a shorter time is an important phase 

of the propagation process. The reduction of time in the rooting of 

plants generally reduces the per cent of loss in the cuttings stuck. 

This then increases the possibility of greater profits for the 

nurseryman and florist. 

The purpose of the research presented here was to explore some of 

the possibilities of increasing the efficiency of plant propagation. 

This paper presents the results obtained and discusses the effect of 

sunlight transmitted through different colors of fiberglass, with and 

without supplemental light, upon the rooting of a selected group of 

cuttings grown in four rooting mediums. 



CHAPTER II 

REVIEW OF LITERATURE 

The rooting of cuttings is one of the more expensive tasks of the 

nurseryman and greenhouse operatoro With the rising demand for orna= 

mental plants 9 caused by a greater number of people purchasing their own 

homes 9 the demands for improved efficiency have been greatly increasedo 

Hull~ in 1956 (28) 9 showed that much of this demand has also developed 

from the "Plant America" movement initiated by the American Association 

of Nurserymeno As the demand for planting materials has become greater9 

propagators have searched for more and better methods of speeding up the 

rooting process 9 increasing the per cent of cuttings rooted 9 and pro

ducing a better root system. 

Light9 water9 temperature and rooting medium1 all essential factors 

for good plant growth9 are relatively easy to control with proper equip= 

ment. This review of literature covers briefly some of the light 

theories and the effects of photosynthesis.I) daylength 9 light quality9 

rooting mediums 9 and the use of water mist for plant propagation. 

The presence of light has generally been accepted as a natural 

phenomenon with little or no thought given to the necessity for lighto 

In recent decades human curiosity has resulted in an increasing interest 

in light and its actions on ,plant growth. Since Noah the dispersion of 

light has been a familiar sight because of the rainbow phenomenon. 

Newton in 1667 {.38) was the first to demonstrate that the same phenome

non could be accomplished by passing light through a prism. This 

3 
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rainbow effect 9 ,either natural or with a prism9 is an o:_rderly separation 

of t:t:i.e light WliVes of_ the visible portion of the spectrumo Beyond_ the 

visible red are the infra-red (heat) and electric wavelengths including 

the radio transmission waves (Figo l)o Wavelengths shorter than the 

visible blue and blueviolet waves include ultra-violet wavesl) X-rays~ 

gamma (radium) rays 9 and cosmic rayso Wavelengths may range from more 

than 1 kilometer in length for electric waves to less than 0.0001 mu 

(millimicron) for cosmic ray waveso Of the almost interminable range 

of wavelengths this review is concerned only with the action of a very 

narrow band of visible light which exerts the greatest influence on 

plants and which can be distinguished by the human eye. 

Light quality refers to the wavelength or portion of the spectrum 

involved. Van der Veen and Meijer (51) suggested, in a proposal by the 

Committee for Plant Irradiation in the Netherlands, that the visible and 

near visible spectrum should be divided into eight wave bandsl) each of 

which has a specific physiological effect on the plant: 

1. There is no specific effect resulting from i!Tadiation of wave-

, 0 ,o ) lengths above 10~000 A ,Angstrom units o 

2. In the region between 109 000 and 7000 i is included radiation 

having a specific elongating effect on plants. 

3. The zone of maximum chlorophyll absorptionl) maximum photosyn-

thetic activity9 and night-break effect is between 7000 and 

6000 _t 

4. Between 6100 and 5100 X the effect is reduced photosynthesis 

and reduced formative influences 9 for most plants. 

5. The second zone of rather intense activity is between 5100 

and 4000 i where the yellow pigments absorb light which induce 
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phototropism!J protop::J..asm streanrl.ng:,_and chloroplast movement, 

also a second pElak of. chlorophyll absorption o _ . 

60 In the zone between 4000 and 3150 i the formative affect is 

one in which the plants are shorter and the leaves thicker. 

This zone may also be kno'W?l as ultra-violet A. 

7. A detrimental zone of irradiation to plants is in the ultra

violet B9 or 3150 to 2800 i wavel~ngth zone. 

8. Ultra-violet C, wavelengths shorter than 280 i 1 will kill 

plants rapidly. 

6 

Van der Veen and Meijer (51) also suggested that a more logical area 

for zone 1 would be to include wavelengths of 7000 to 8000 i, a band 

that would still include the area of elongation and germination effect. 

There are several pigments in plants which depend upon light for 

their actions. Probably the most important reaction of a plant to light 

is that which is brought about through its effect on the chlorophyll 

pigment. According to Strain (49) there are four chlorophylls in the 

plant kingdom. These include the two green chlorophylls (a and b)j 

brown chlorophyll (c) 1 and red chlorophyll (d). Chlorophylls a and b 

predominate in the higher plants. All chlorophylls possess the property 

of fluorescence (34) which is caused by the ab~ofption of light followed 

by the reradiation of certain light waves. The zone of greatest absorp

tion of light by chlorophyll a and b was shown by Zscheile and Comar (61) 

to be in the blue-violet region with a secondary maximum in the near red 

region. 

The intensity of light effective in indu~ing chlorophyll snythesis 

is relatively low. Shirley (42) found a number of species of plants in 

which the chlorophyll content per unit leaf weight increased with 



7 

decreasing light tntensity '!lllttl a I'elatively low intensity was reached, 

The synthesis of certain compounds within plants is the result of light 

reacting upon pigments to supply energy for chlorophyll in its role in 

photosynthesis. The activation of each pigment is dependent not only 

on its own absorption spectrum, but also on the absorption characteristics 

of surrounding pigments. 

Light also has a considerable influence on the rate of growth of a 

planto Not only does it promote growth but it also may retard growth. 

According to Maximov (37} 9 the higher the intensity above a certain 

minimum the greater the retardation. 

Some of the early workers, Flint and McAlister (15~ 16) 1 found that 

irradiation from the red area of the spectrum promoted germination of some 

varieties of lettuce seed while germination was inhibited by infra-red 

radiation. Borthwick9 et al. {6) later verified this and indicated that 

germination was promoted at 64001 (red) and was inhibited at 7200 j (far

red). 

Personnel at the .Agricultural Research Station at Beltsville)) 

Maryland, (1) have made intensive studies on the effect of color and 

intensity of light on plant response. They showed that red light 9 prop

erly applied 9 may prevent flowering of some plants~ prevent elongation 

of stems, promote seed germination, and cause color in parts of some 

plants (red apple color). In each instance the application of far-red 

light nullifies, or reverses 9 the action of the red light. These 

workers discovered what they consider to be the "triggering" mechanism 

for plant developmento The substance involved is apparently a light~ 

sensitive pigment that occurs in two reversible forms. One form absorbs 

red light while the other absorbs far-red light. Thusj the pigment 



8 

form produced by the absorption of red light can absorb only far-red 

:;tight and in B:bsorbing far-red light of sufficient_intensity is then 

converted back to the red-absorbing form! The pigment is a protein that 

acts as an enzyme. It is known to be blue 9 since this is the color that 

is capable of absorbing red light, but it is present in such small 

quantities that it does not give color to the plantso Borthwick and 

Hendricks (4) call the pigment "phytochrome" and have designated the 

red-absorbing form as np660n and the far-red absorbing form as "P730.• 

Wassink and Stolwijk (52), Borthwick, et alo (7) and Downs, 

et alo {13) reported that the radiant energy emitted by incandescent 

lamps produced excessive elongation of stems. 

Hanchey (20) found that fluorescent light of 600 footcandles pro

duced more flowers and fewer leaves in Saintpaulia than 1300 footcandles 

of natural daylight. He atated that the quality of light from the 

fluorescent tubes was possibly the influencing factor in the early 

flowering and quantity of flowering. 

Few reports in the literature have indicated that light of a 

particular wavelength has any great influence on the rooting of 

cuttings. However9 the effect of light on root formation in cuttings 

has been shown to vary with different cuttings. Christensen {11) 

found that the use of localized X-ray irradiation on the branches of 

plants used for cuttings produced more rapid root development in cuttings 

taken just above the area of irradiation. Audus (2) showed that rooting 

of Tradescantia cuttings was most effective in wavelengths which were 

absorbed by chlorophyllo Stoutamyer and Close (46) and Chadwick (10) 

reported that the red-orange end of the spectrum is more important in 

the rooting of cuttings than the blue end. Stoutemyer et al. (48) 



obtained better roo~ing response fro~ gr~enwood cuttin~s u~der 

fluorescent_lamps than in natural daylight. Schultz {41) suggested 

9 

that a combination of incandescent and fluorescent lamps was most effec

tive in rooting of cuttings since incandescent light emits more red than 

blue, and white fluorescent emits a fair balance of red and blue. 

The discovery in 1920 by Garner and Allard (18) of photoperiodism 

stiDRilated an increased use of artificial light to extend the number of 

hours of naturally occuring daylight. By supplying an additional seven 

hours of 26 footcandles to the existing 10 1/2 hour day Skinner (43) 

found that he could increase rooting of leaf bud cuttings of Rhododendron. 

Several workers {31, 44, 48, 53 9 55, 57, 58) found that long days, of 

12 to 18 hours, gave excellent rooting response for many types of plants, 

and that in many cases artificial light could supply the entire amount. 

A photoperiod of 18 to 24 hours on dogwood cuttings produced two to 

three times as many roots as that of a 9 hour photoperiod (55). Stouta

myer and Close (45 9 46) and Zimmerman (60) showed that the photoperiod 

under which cuttings were rooted had an effect on the initiation of 

root primordia. Hartman (21) suggests that the greater root formation 

of leafy cuttings under long photoperiods is due to 9 or related to 9 the 

carbohydrate accumulation. Snyder (44) obtained no benefit from an 

increase in photoperiod on the rooting Taxus cuspidata. The absence of 

light which causes etiolation of stem tissues is conducive.to the initi

ation of root primordia in some plants, but leafy cuttings require 

exposure o~ the leaves to light for root formation (2l)o Satisfactory 

rooting can be obtained with relatively low light intensity (lO)o 

In 1947 Stoutamyer and Close (47) noted that the use of a 16 hour 

light period of 700 to 800 footcandles illumination on Gordonia axillaris, 
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for 4 tq 6 weelcf3 1Jefore cuttings :\.lere made, produced ~uttings which 

rooted bett,er with less callus than non-illuminateq plants. WassJnk 

and Stolwijk (51) showed that the effect of the incandescent filament 

lamp was probably due to its high emission of red radiant energy which 

is known to be the most effective portion of the spectrum for photo

periodic control of plants (5). The same spectral regions which most 

effectively inhibit flowering of short-day plants (5 9 8, 39) are the 

most effective in promoting flowering in long-day plants when used to 

interrupt the dark period (9). Experiments with different types of 

lamps have shown that incandescent lamps have a greater efficiency in 

accelerating the flowering of long-day plants and in promoting rapid 

vegetative growth of herbaceous and woody plants. However, the 

fluorescent lamp remains the better source for fulfilling the high 

intensity light requirements of artificially,lighted growth rooms (13). 

Most studies using supplemental light to increase photoperiod 

have been done with reference to vegetative growth and development 9 or 

to floral initiation. Avery, et al. (3) suggested that the fundamental 

principle that governs the differential response of plants to light 

may be attributed to the effect of light on growth hormones and their 

indirect effect on the synthesis of carbohydrates. Garner and Allard (19) 

experimented with the effects of alternating light and dark periods of 

different lengths on plant growth and developmento Kincaid (30) and 

Crocker (12) discovered that extremely short periods of light were 

sufficient to trigger the light sensitive pigment of some seedso Some 

workers (56, 57) found that a short period of high light intensity in 

the middle of the dark~ on some plantsr may effectively replace several 

hours of long days. Following a nine hour day the application of one 
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hour of light in the middle of the night on dogwood, viburnum and 

weigela had the same effect as a lS hour ~ay {55). Recently- Waxman (54) 

reported that on certain plants a long day effect may be obtained by 

only 16 minutes of light given the plant (one second of light per 

minute) during a 16 hour period. 

The use of plastic coated fiberglass paneling, both flat and 

corrugated, seems to be a good material to replace glass in the 

construction of greenhouses. The fiberglass scatters, or diffuses, the 

light and heat waves (32), therefore modifying the light intensity and 

spectrum (quality). Little or no shading of fiberglass is required in 

summer, and it is generally not damaged by hail. In Colorado reports {27) 

indicate up to 25 per cent better growth of plants under clear white 

fiberglass than under clear glass. The total dry matter production of 

carnations during 1959 was: new glass, 100; clear white fiberglass, 118; 

and coral colored fiberglass, 115. They concluded that plants can 

efficiently use diffused visible light. 

Probably the most important accomplishment aiding in the propaga

tion of plants by cuttings is the development of the intermittent mist 

system. It has markedly reduced the time necessary for rooting of 

cuttings. Mahlstede (35) reported that a commercial nurseryman in West 

DePere, Wisconsin was using mist propagation as early as 1940 with out

standing results for rooting softwood cuttings. Constant mist has not 

been desirable in most instances since it creates a dFainage problem and 

uses a large volume of watero With intermittent mist, water is applied 

at frequent but short intervals and comparatively little water is used. 

This does not lower the temperature of the rooting medium excessively (21). 

Hess and Snyder (24~ 25) showed that there are a number of physiological 
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factors which make the intermittent mist an excellent method for rooting 

cuttings: (a) the particles of water form a thin layer of moisture on 

the leaf, which is constantly being evaporated with a resultant absorp

tion of heat and significant cooling effect, (b) water loss from cuttings 

is reduced, and wilting is prevented, (c) a greater supply of carbohydrates 

is available for rooting and continuous growth because of the abundance 

of foliage which may be retained at the time of cutting placemento 

The use of intermittent mist is superior to constant mist since 

there is less leaching of the plant food within the cutting, cuttings 

can be hardened off more ~eadily when rooted, the drainage problem is 

greatly reduced, and the disease problem is reduced (25)o Hartman and 

Kester (21) reported that with intermittent mist the temperature of the 

rooting medium will likely be slightly higher, therefore producing a 

more favorable rooting situationo They also report that light intensity 

can be maintained at a higher level on leafy cuttings, thus promoting full 

photosynthetic activityo By using mist sprays softwood cuttings may be 

rooted from plants that.were previously considered difficult or were 

impossible to root at certain times.during the yearo 

Hartman and Whisler (32) found that applying intermittent mist only 

during the day was equal or better than applying mist for longer periodso 

They also suggested that the "on• and "off" intervals be spaced to allow 

for thorough wetting of t_he leaves but to reduce the water used to the 

absolute mini:mumo 

Many materials and mixtures of materials have been used as rooting 

mediums for propagationo There are many conflicting reports regarding 

the best medium for rooting cuttingso Hitchcock (26) tested the rooting 

of 46 genera of plants and concluded that, under the co~ditions of his 



experiment, 90 per cent of the cuttings tested rooted better in a 

mixture of one part peat and one part sand, by volume, than in either 

alone. Ma.hlstede (35) found that cuttings properly handled will root 

satisfactorily in a wide variety of mediumso For any material to be 

desirable as a rooting medium it must have a threefold function: 

(a) provide a method of holding cuttings in place during rooting 9 

(b) supply and hold water9 and (c) be sufficiently porous to provide 

oxygen. 
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Stoutamyer and Close (45) showed that in order to obtain the best 

rooting the temperature of the rooting medium should be held slightly 

above 70° ]'o Laurie and Ries (33) and Yerkes (59) stated that the rooting 

should be 8 to 12 degrees warmer than the air. Hartman and Kester (21) 

found that for the successful rooting of leafy cuttings the air tempera

ture should be from 70° to 80° F. and the temperature of the rooting 

medium should be near 70° li'o 



CHAPTER III 

MATERIALS AND METHODS 

EXPERIMENT Ao Started October 319 1959 and terminated January 18, 1960. 

A rigid fiberglass material1 was obtained in five different colors 

to be used as filters between sunlight and a greenhouse propagation 

bench. The greenhouse was constructed of flat, clear (transluscent) 

fiberglass~· Panels of red, amber, pink, green, and yellow fiberglass, 

each 26 inches wide by 10 feet long were used. The fiberglass was a 

standard 2 1/2 inch corrugation, approximately 1/16 ineh thick, and 

weighed 6 ounces per square foot. The intensity of the pigmentation 

was different for each color of fiberglass (Table I). 

The fiberglass panels were used as roofs for movable frames 

(Figures 2, 3) which could be placed over various sections of a propa-

gation bench. The gabled frames were 80 inches long, 40 inches wide, 

16 inches high at the sides, and 28 inches high at the peak. The sides 

of the frames were covered by black polyethylene. A black polyethylene 

panel also was hung across the center of the frame thereby making two 

plots within each frameo 

Supplemental light was supplied by incandescent bulbs. Light trans

mitted through the colored fiberglass at night was measured first with 

100 watt bulbs placed above the fiberglass covered frames, then adjusted 

1Alsynite series 150 furnished by the Alsynite Company of America, 
San Diego, California. 
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TABLE I 

AVERAGE LIGHT TRANSMISSION OF COLORED FIBERGLASS UNDER CLEAR AND CLOUDY CONDITIONS,. 

Color of Fiberglass 

Green 

Yellow 

Pink 

Red 

Amber 

Clear (Check) 

READINGS SHOWN IN FOOTCANDLES (FC) AS INDICATED BY THE 
WESTON SUNLIGHT ILLUMINATION METER~ MODEL NOo 756. 

December l'.tc29 
Clear C oudy 

Februarz lt60 
Clear C oudy 

Days Days Days Days 

610 540 680 560 

910 440 950 480 

720 410 730 450 

110 64 120 68 

230 110 255 118 

2200 1650 2400 1700 

Transmitted 
Incandescent Light 

4* 16** 

2 14 

3 12 

1 4 

3 9 

10 14 

* Readings were taken at night of the light transmitted by 100 watt incandescent bults through 
colored fiberglass panels. 

** Readings after lights were adjusted to obtain 14 fc 9 as nearly as possible 9 at the level of 
the cuttings. ' 

I-' 
Vl 



Figure 2. Completed fiberglass hoods in 
position after sticking the cuttings. 

Figure J. Fiberglass hoods opened for 
inspection. Sho,rring the water mist 
system in operation. 

16 
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with additional bulbs of various sizes to obtain as near to 14 footcandles 

as was practical {Table I). The incandescent bulbs were hung just above 

the fiberglass panels, one on each side of the gabled roof of the frame 

(Figo 4). All plots received 8 1/2 hours of daylight each dayo Supple

mental light was supplied to one plot of each fiberglass covered frame 

for 3 hours each night, from 10:30 Pomo to 1:30 aomo Light transmission 

was recorded with a Weston Sunlight Illumination Meter Model Noo 756. 

Notations were made of the weather conditions existing at the time of 

the reading (Table I)o 

Four rooting mediums were used to make further comparisons of the 

rooting influences under each fiberglass plot. The four mediums were: 

(1) sand, (2) perlitell special grade /161 {3) sand and peat mixture, 1:1 

by volume, and (4) perlite and peat, 1:1 by volume {Fig. 5). 

The propagation bench arrangement, with the location of the rooting 

mediums and other factors of the experimentll is shown in Figure 6. An 

automatic intermittent mist system was used with one mist nozzle, 

centered 14 inches above the four rooting mediums of each plot-(Fig. 3, 7). 

ROJT mist nozzles which deliver one gallon of water per hour at 40 p.s.io 

were usedo An electric clock turned the mist on each morning at 7:00 aomo 

and off at 6:00 p.m. The frequency of the mist was controlled by an 

automatic electric cycle control unit which supplied 4 seconds of mist 

spray in each 6 minute period. 

Bottom heat was supplied to the propagation bench by lead sheathed 

electric heating cables {Fig. 8). The temperature of the rooting medium 

was maintained at 72° F. by thermostat controls. The air temperature at 

night was approximately 60° F. in the greenhouse. 



Figure 4. Supplemental lighting method. 
Lights 1."'ere hung on each side of the 
gabled frame. 

Figure 5. Rooting mediums. Upper, left to 
right perlite and peat, and perlite . 
Lover, sand and peat, and sand. 

18 
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Figure 6. Arrangement of propagation bench and placement of cuttings. 



Figure 7. !\list system, medium and cutting 
arrangement. 

Figure 8. Electric heating cable arrange
ment and rooting mediums. 
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Cutting_s of six plant materials from five locations were used 

(Table II). Kurume and Formosa azalea cuttings were taken from plants 

grown out of doors. Dorothy Gish and Redwing azalea cuttings were 

obtained from green house plants. American holly cuttings were obtained 

from native trees growing in southeastern Oklahoma woodlands and the 

Hume #2 holly cuttings from plants in a horticultural planting in 

Georgia. The cuttings were stuck 9 without hormone treatment, soon after 

they were received 9 as shown in Figure 7. From three to five leaves 

were left on each cutting and each was freshly wounded with a basal 

cut just prior to placement in the propagation bench. 

Roots were rated from Oto 59 for convenience in making rapid 

comparisons and in recording. This method of rating the rooting response 

of cuttings was evaluated by Mahlstede and Lana (36) and found to be 

accurate. The ratings used were as follows: 0 - no callus or root 

formation; l - calJus and (or) the beg:l.tming of . some root development; 

g - root growth totaling 1 1/2 inches or less; 1 - root growth totaling 

1 1/2 to 3 inches;~ - root growth totaling 3 to 6 inches; and 2 - total 

root growth of 6 inches or more. 

EXPERIMENT ]o Started January 23 and terminated March 189 1960. 

Cuttings of three plants were used in this experiment: Formosa 

Azalea, from Mississippi; American Holly.I) from Idabel9 Oklahoma; and 

Dorothy Gish Azalea 9 from Guthrie 9 Oklahoma. These cuttings were pre

pared as in Experiment A except for the treatment of the fresh basal 

cut. The azaleas were treated with Hormodin #2 and the Holly with 

Hormodin #3 to assist in a more rapid rooting. The active ingredient 

in both Hormodin #2 and #3 was indolebutyric acid. 



TABLE II 

NAMES> NUMBER AND SOURCE OF CUTTINGS USED 

Common Name Botanical Name Cuttings Per Plot 

American Holly Ilex opaca 10 

.American Holly Ilex opaca Ho Vo Hume #2 10 

Kurnme Azalea Rhododendron obtusum 10 

Formosa .Azalea R. oldhamii 6 

Redwing Azalea R. indica obtusum 8 

Dorothy Gish Azalea R. rutherfordiana 7 

Source 

Idabel, Oklahoma 

Pine Mountain, Georgia 

State College, Mississippi 

Lafayette 9 Louisiana 

Guthrie 9 Oklahoma 

Guthrie, Oklahoma 

l\) 
l\) 



EXPERIMENT .Qo Started May 11, 1960 and terminated July 20, 1960. 

The colored fiberglass covered frames previously used in Experi

ments A and B were moved to a bench in another portion of the same 

greenhouse which was covered with glass. They were arranged in the 

same order as for the other experiments. 

23 

Potted plant materials were used in order to study the effects of 

the colored fiberglass on the growth of rooted plants and to obtain 

termperature data under the colored fiberglass. Each plot contained 

six plants each of geraniums 9 hydrangeas$ Dorothy Gish AzaleaJ and 

Ku.rume Azalea in clay pots (Fig. 9). 

Records were maintained of the air temperature, upper and lower 

leaf surface temperatures and soil temperature using a thermophil 

Elektron Thermometer.!) Type 4415 (Fig. 9). Growth and foliage conditions 

also were recordedo 

A spectralanalysis of each of the colors of fiberglass (29) was 

made on a Beckman DK=l, Recording Spectrophotometer to determine the 

light quality transmission of the different fiberglass materials. 



Figure 9. Thermophil Electron Ther
mometer, Type 4415, used for meas
uring te~perature of the soil, 
leaf surface, and air . Plants 
are, left to right, Kurwne Azalea, 
Dorothy Gish Azalea , hydrangea, 
and geranium. 
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CHAPTER IV 

RESULTS 

EXPERIMENT!• 

In Table III are shown the overall root ratin~s obtained from each 

species over all rooting mediums and photoperiods ~nder each color of 

fiberglass. The American Holly and the Redwing Azalea showed the 

greatest rooting response under the green, Kurume Azalea under the pink 

fiberglass, and the Hume #2 Holly and Formosa Azalea under the yellow 

fiberglass .. 

Table IV shows the rooting response as the percent of cuttings 

with a root rating of J.O or more. The overall average for each color 

shows the response was 80 percent greater in the check than under the 

red and 120 percent greater under the yellow than the red. The green

wood cuttings used in this experiment rooted better under yellow, green, 

and pink fiberglass than under the red and amber. 

In Tables V and VI the rooting response obtained from colored fiber

glass with 8 1/2 hours daylight and with an additional 3 hours of supple

mental incandescent light in the middle of the night are given. The 

best overall rooting response was obtained under the green fiberglass 

with the 111/2 hour photoperiod. The best overall rooting with an 

8 1/2 hour photoperiod was obtained under the yellow fiberglass. 

The effects of rooting medium, photoperiod, and different colored 

fiberglass on the rooting of hollies and azaleas are given in Tables VII 

and VIII, respectively. When the rooting response under all fiberglass 

25 



TABLE III 
' . 

THE EFFECT OF LIGHT» TRANSMITTED THROUGH FIVE DIFFER.INT COLORS OF FIBERGLASS ON ROOTING 
OF GREENWOOD CUTTINGS o COMBINED RATINGS OF TWO PHOTOPERIODS ( Si and 11~ 

HOURS) AND FOUR ROOTING MEDIUMS (SANDsi SAND AND PEATsi PERLITEsi 
AND PER.iITE AND PEAT}.. AVERAGE ROOT RATING (0 TO 5).* 

Color of Fiberglass 

Name Green Yellow Pink Red Amber Check 

American Holly 1.80 1.70 1.53 0.55 0.45 0.59 

Red,~ing Azalea 4.42 3.93 3.79 L51 2.56 3.81 

Kurume Azalea 4.17 4.62 4.68 2.68 3.37 4.30 

Hume /12 Holly 2.41 3.13 2.86 1.73 1.65 2.03 

Dorothy Gish Azalea 3.94 3.34 3.02 2.23 1.21 4.46 

Ji'ormosa Azalea 3.82 4.24 3.72 2.55 3.23 1.97 

Average per color 3.34 3.49 3.27 1.88 2.08 2.86 

* Root rating: 51 high; 3~ medium; 1, low; o, none. 

-.-.-

l\) 
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TABLE IV 

THE EFFECT OF LIGHT TRANSMITTED THROUGH FIVE DIFFERENT COLORS OF ";FIBERGLASS 
ON THE PERCENT OF CUTTINGS WITH A ROOTING RATING OF 3o0* OR HIGHER .. 

Name 

.American Holly 

Redwing Azalea 

Kurume Azalea 

Hume /12 Holly 

Dorothy Gish Azalea 

"Formosa Azalea 

Average per color 

COMBINED RATINGS OF TWO PHOTOPERIODS (8i AND lli HOURS) 
AND FOUR ROOTING MEDIUMS (SAND 9 SAND AND PE.AT9 

PERLITE9 AND PER.LITE AND PEAT)o 

Color of Fiberglass 

Green Yellow Pink Red 

23o7 22.5 16o2 1.2 

87.5 78.1 73.1 19o7 

82.5 95.0 93,,7 51.2 

36.2 56.2 48.7 23.7 

71.4 57.2 48.2 39.3 

77.1 79.1 68.7 40.8 

63.1 64.7 58.1 29.3 

Amber 

--
43.7 

65o0 

22.5 

12.5 

62o9 

J4o4 

* Cuttings rating 3.0 or better are considered sufficiently rooted to pot up and grow. 

,_; 

Check 

3.7 

73.4 

87.5 

25.2 

85.7 

32.2 

51.6 

l\) 
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Common Name 

American Holly 

Redwing Azalea 

Kurume Azalea 

Hume #2 Holly 

Dorothy Gish Azalea 

Formosa Azalea 

Color Average 

TABLE V 

THE EFFECT OF PHOTOPERIOD AND COLOR OF FIBERGLASS ON ROOTING OF 
SELECTED GREENWOOD CUTTINGS" ROOT RATINGS (0 TO 5). 

llt Hour Photoperiod 8~ Hour Photoperiod 

Green Yellow Pink Red Amber Check Green Yellow Pink Red Amber 

2.10 1.80 1.72 0.60 0.42 0.78 1.50 1.60 1.35 0.50 0.50 

4.50 J.64 4.39 1.72 2.77 J.55 4.35 4.22 J.19 1.30 2.36 

4.37 4.60 4.52 3.05 J.02 4.06 J.97 4.65 4.85 2.32 J.72 

2.67 2.87 J.15 L85 1.80 2.70 2.15 J.50 2.57 1.62 1.50 

4.22 J.58 J.JO 3,,47 1.30 4.30 J.67 J.10 2. 75 1..00 1.12 

4.55 4.07 4.12 3.00 3.40 2.34 3.58 4.42 3.32 2.11 J.07 

J.73 3.34 3.53' 2.28 2.11 J.05 3.20 J.58 3.00 1.47 2.04 

Check 

0.40 

4.07 

4.10 

1.37 

4.62 

1.60 

2.69 

I\) 
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TABLE VI 

THE EFFECT OF PHOTOPERIOD AND COLOR OF FIBERGLASS ON ROOTING OF SELECTED GREENWOOD 
CUTTINGS~ PERCENT OF CUTTINGS RATING 3.0 OR HIGHERo 

ll~~Hour Photop~rj.od ~-··· -~·~··-·· ---·-· 8~ Hour Photoperiod 

Common Name Green Yellow Pink Red Amber Check Green Yellow Pink Red Amber · Check 

American Holly 30.0 22.5 20.5 2.5 -- 5.0 17.5 22.5 12.5 -- -- 2.5 

Redwing Azalea 90.5 68.7 90.6 25.0 53.1 68.7 84o4 87.,5 56.2 14o4 34.4 78ol 

Kurume Azalea 87.5 95.0 92.5 60.0 57.,5 90.0 77.5 95.0 95o0 42.5 72.5 85.0 

Hume #2 Holly 40.0 47.5 57o5 25 .. 0 27.5 37.5 32.5 65.0 40.0 22.5 17.5 15.0 

Dorothy Gish Azalea 78.6 67o9 53.6 64.3 14.3 82.2 64.3 46.5 42.9 14.3 10.7 89.3 

Formosa Azalea 87.5 74.9 79.1 58.3 66.6 41.6 66.6 83.3 58.3 33.3 59.3 24.9 

Color Average 69.0 62.7 65.5 39.2 36.5 54.1 53.8 66.6 50.8 21.1 32o4 49.1 

I\) 
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TABLE VII 

THE EFFECT OF RQOTING MEDIUM1> COLOR OF FIBERGLASS, AND PHOTOPERIOD ON THE ROOTING RESPONSE OF HOLLIESo 
(ROOT RATING OTO 5) 

11t Hour Photoperiod Bk Hour Photoperiod 

Common Name Green Yellow Pink Red Amber Check Green Yellow Pink Red Amber Check -
Sand 1.50 lo05 lo85 Oo80 L20 o.85 Oo75 lo45 2 .. 05 Oo85 0.85 0.45 

Per lite L35 L85 1.45 0 .. 75 o.85 L45 1.35 lo70 1.40 o.85 o.so 0 .. 75 

Sand and Peat 2.85 3.10 2.65 0.45 0.60 1.70 .1.60 3.55 1.30 0.45 0.45 0.75 

Perlita and·Peat J.85 3.35 3.30 2.90 1 .. 85 2.45 J.65 _ .3.45 3.10 2.15 1.90 1.75 

Color Average 2.39 2.34 2.31 L22 Ll2 1.61 lo84 2.54 1.96 1.08 1.00 0.92 

\,\) 
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TABLE VIII 

THE EFFECT OF ROOTING MEDIUM2 COLOR OF FIBERGLASS 9 AND PHOTOPERIOD ON THE ROOTING RESPONSE OF AZALEAS 
(ROOT RATING OTO 5) 

lli Hour Photoperiod Bi Hour Photoperiod 

Common Name Green Yellow Pink Red Amber Check Green Yellow Pink Red Amber .. Check 

Sand 4.25 3.,31 .3.65 1.61 2.53 3.70 .3.56 3.,29 3.45 1.00 1..90 .3.65 

Per lite 3.79 2.91 4 .. 22 2.57 2.47 2.82 3.57 3 .. 76 3.,85 1.84 2.75 2.67 

Sand and Peat 4.62 5.00 4.10 3.,00 1.59 3.92 3.88 4.60 2.82 1.40 2.67 3.57 

Perlite and Peat 4.47 4.67 4.39 4.31 3.51 .4.34 4.56 4.75 3.98 2.52 2 .. 97 4.47 

Color Average 4.35 3.97 4.09 2.87 2.55 3.69 3.89 4.10 3.53 1.69 2.57 3.59 

\,J 
I-' 
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colors with all species were combined (Table IX) the results were better 

in perlite and peat mix in both photoperiods. Slightly better rooting 

was obtained under green fiberglass in perlite and peat than under any 

other combination of fiberglass and rooting medium. When one considers 

only the rooting mediums and varieties the response is definitely higher 

in the perlite and peat than in either of the other mediums (Table X). 

When only photoperiod and plant material are considered the 111/2 

hour photoperiod showed a better rooting response for each variety than 

the shorter (8 1/2 hours) photoperiod (Table XI). Yellow fiberglass 

produced better rooting response in the 8 1/2 hour than in the 111/2 

hour photoperiod. When rooting medium and photoperiod are combined the 

long photoperiod was found best with all four mediums. 

EXPERIMENT]. 

The results of this experiment are summarized in Table XII. 

Several changes were noticed in this experiment that evidently are the 

results of treating the cuttings witn Hormodin. American Holly and 

Formosa Azalea showed slightly better response to the long photoperiod. 

Dorothy Gish Azalea showed a higher response to the short photoperiod. 

The rooting response under the green, yellow and pink fiberglass and 

under the check was somewhat better with the long photoperiodo Under· 

the red and amber colored fiberglass the response was better with the 

short photoperiodo The rooting in sand, perlite~ and the perlite and 

peat mixture was better with the long photoperiod while the response in 

the sand and peat mixture was better with the short photoperiod. 



TABLE IX 

TOTAL EFFECTS OF ROOTING MEDIUM~ COLORED FIBERGLASS 9 AND PHOTOPERIOD ON ALL THE CUTTINGS 
(ROOT RATING OTO 5) 

lli Hour Photoperiod Bt Hour Photoperiod 

Common Name Green Yello-w Pink Red Amber Check Green Yelloy Pink Red Amber 

Sand 3.33 2.56 3.10 1.34 2.10 2.70 2.62 2.67 2.90 0.90 1.50 

Perlite 2.97 2.,53 3.30 1.93 1.90 2.35 2.83 3.12 3.10 1.52 2.10 

Sand and Peat 4.00 4.30 3.40 2.15 1.26 3.20 3.12 4.25 2.30 1.10 1.90 

Perlite and Peat 4°44 4.20 4.20 3.84 3.02 3.71 4.26 4.30 3.67 2.80 2.61 

Check 

2.60 

2.10 

2.60 

3.57 

~ 



TABLE X 

EFFECT OF ROOTING MEDIUM AND PHOTOPERIOD ON THE ROOTING OF CUTTINGS (ROOT RATING O TO 5) 

11~ Hour Photoperiod St Hour Photoperiod 

Sand Perlite Sand Perlite 
and and and and 

Sand Perlite Peat Peat :Sand Perlite Peat Peat 

American Holly LOO Oo65 lo50 lo80 Oo90 Oo60 loOO 1.40 

Redwing Azalea 3.58 2.10 3.89 4.10 3.29 2.30 3.60 3.70 

Kurume Azalea 3.90 4.00 4.00 4.30 3.05 4.10 3.70 4.60 

Hume 1/2 Holly · 1o40 1.90 2.10 4.10 1.20 lo70 lo70 .3.85 

Dorothy Gish Azalea 2 .. 36 3.11 3o70 4.,25 2 .. 40 2 .. 40 2o85 3o20 

J'ormosa .Azalea 3.00 3.30 3.30 4.64 2.50 3.24 2.10 3.93 

~ 



TABLE XI 

PHOTOPERIOD COMPARISQNS_lfiTH PLANT MATEBIALS9 COLOR OF FIBERGLASS9 .AND ROOTDTG MEDIUMo 
EXPERIMENT A;· _ NOVEMBER 29 _ 1959 TO:JANU.ARY 189 -196Q .. 

Photoperiod Photo;eeriod Photoperiod 

Plant Material 11~ Bk 
l'iberglass 
Color 11! 8! Rooting Medium 11t 8! 

American Holly L24 Oo98 Green 3o73 3.20 Sand 2.54 2.22 

Redwing Azalea 3.43 3.25 Yellow Jo.34 3.58 Per lite 2.51 2.32 

Kurume Azalea 4.04 3o93 Pink 3.53 3.00 Sand and Peat 3.,08 2.49 

Hume #2 Holly 2.50 2.15 Red .. 2.28 1.47 Perli te + Peat J.70 3.,44 

Dorothy Gish Azalea 3.36 2.90 Amber 2 .. 11 2o04 

Formosa Azalea .3.80 3.01 Check 3.05 2 .. 69 

\>.) 
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TABLE XII 

FHOTOPERIOD COMPARISONS WITH PL.ANT MATERIALS 9 COLOR OF FIBERGLASS~ AND ROOTING MEDIUMo 
EXPERIMENT Bo JANUARY 23,, 1960 TO MARCH 189 1960. 

Photoperiod Photo:eeriod Photo:eeriod 
Fiberglass 

Plant Material 11~ 8~ Color 11t Bi Rooting Medium 11! Bi 

American Holly 1..38 1.24 Green 2.27 2 .. 51 Sand Z .. 78 2.51 

Dorothy Gish Azalea 2.92 3.26 Yellow 2.62 2.04 Perlite 2.27 2.16 

Formosa Azalea 1.49 1.42 Pink 2.32 2.07 Sand and Peat lo20 1.30 

Red 1.57 1.97 Perli te + Peat 1.,61 1.60 

Amber 1.00 1.84 

Check 1.30 1.27 

\,J 
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EXPERIMENT .Q. 

T~ble XIIL.gives a ... summary of the results obtained from Experiment C. 

The temperatures·reeorded showed a considerably higher air and leaf 

temperature under yellow than under amber and red, fiberglass. '. .. ,Cloudy. 

days produced little temperature variation between colors, hovever on 

partly cloudy',days the temperature was 3 to 6 degrees higher under the 

yellow than under the amber fiberglass .. ·On clear days there was.a'l0 to 

12 degrees differential. · .. The· plant measurements ·do not- show any partic

ular trend except that the check plot has most of the high ratings but 

it also had the most leaf 13eo:rch and poor foliage color. The plants 

under the red and amber·fiberglass were the darkest green and had the 

most attractive,foliage •. In hydrangeas,a considerable amount·of leaf 

scorch was noticed under all colors of fiberglass except red and amber. 

Figure 10, shows the speetralanalysis results of all the colors of 

fiberglass. Thie spectralanalysis showed that all· .colors of the 

materials passed light of similar quality although the percent of trans

mission varied. 



Fiberglass 
Color 

Amber 

Red 

Pink 

Yellow 

Green 

TABLE XIII 

PLANT MEASUREMENT AND TEMPERATURE AVERAGES UNDER FIVE COLORS OF FIBERGLASSo 
EXPERIMENT Co MAY llj 1960 TO JULY 209 1960 

Plant Measurements 

Leaf Plant Leaf Stem Leaf Tem~eratures Fo ** 
Weight Weight Are~ Length Color Upper 
(gmJcm2) (grams) (cm ) (inches) * .Air Soil Leaf 

.0400 40,,5 452 4,,7 5.7 89o7 89.5 9.3 ,,5 

,,0448 34.8 324 6.4 6,,5 92,,1 91.9 05,,4 

,,0647 20o2 239 4 .. 2 3,,0 97,,7 98,,0 99.,8 

00485 24.3 319 4.4 3.3 99.6 96o7 100 .. 0 

.0483 32ol 416 5,,3 3.3 ,94.1 94.0 98 .. 3 

Check (glass) .0533 47.2 599 7,,4 2.9 

Lower 
Leaf 

91..5 

94o0 

98.3 

97.5 

96.o 

{} Rated by a reflectometer manufactured by Photo-volt corporation using a tri-stimulus filter. 
** Average of 21 air temperature and 11 soil and leaf temperature readings. All readings were made 

at 12:00 noon. 

\..u 
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Figure 10. Spectralanalysis (Beckman DK-1·.Recording Spectrophotometer) 
for fiberglass •. Percent and quality of light transmission 
through green, yellow, pink, red, .amber, and clear fiber~ 
glass and glass. 
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CHAPTER V 

DISCUSSION 

There have been many investigations concerning the influence of 

plant hormones and various internal factors on root formation in cuttings. 

Howeverj there has been only occasional mention of the value of light 

quality (lOj 46) on rooting of cuttings. Several workers (6~ 9~ 13 

17~ 30) have used various colors of cellophane and other materials for 

filters to obtain light of a given quality range. Based upon results 

of the preliminary trials with cellophane~ this test was established 

with the thought that the red fiberglass panels would perhaps produce 

the greatest amount of rooting response. Red radiation has been shown 

to be the most efficient part of the spectrum in photoperiodic control 

of flowering (5). Downs 1 et al. (14), on the other hand, showed that 

far-red energy prevents stem elongation. It was assumed that the 

different colors of fiberglass would provide variations in light 

quality. A spectralanalysis of each of the colors of fiberglass (29) 

however, proved this assumption to be unfounded. In the spectrum 

covered by the analysisp 8500 i to .3500 teach color of fiberglass 

had its highest percent of transmission at 8500 i. The percent of 

transmission gradually decreased until at near 4000 R practically all 

light ·was absorbed. Hendricks (23) indica.ted that the information 

obtained from the spectralanalysis very likely is not accurate due to 

the inability of the Beckman DK. 1~ Recording Photometer to make 

40 
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compensation for the extreme dispersion of the light in the fiberglass 

by the many glass fibers. 

The results shown in Table VI indicate that the rooting response of 

the cuttings vary considerably between the different colors. There 

seemed to be little correlation between color response of the two 

photoperiods. 

1tlhen all varieties are considered together (Tables VI and VII) 

there is a definite improvement in the rooting response for long photo

periods. Hendricks (2.3) and Piringer (40 )_ suggested that the photo

period for this experiment might have been longer, perhaps as much as 

16 to 18 hours, for good rooting response. They also suggested that 

it is very likely that the longer photoperiod would have a greater 

influence on the rooting response than the light color. The results 

of other workers (44, 54, 57, and 60) have shown that the use of 16 to 

18 hour photoperiods, and in some species up to a 24 photoperiod, was 

best for rooting cuttings. Thus, it seems possible that longer photo

periods may produce even better results than the use of colored fiber

glass. 

The influence of the rooting medium was quite interesting •. Without 

hormones, the perlite and peat mixture was best, however, when the 

cuttings were treated with indolebutyric acid, sand was better 

(Tables XI and XII). 

The root system produced in the perlite and peat mixture was heavy 

and well branched, giving an excellent fibrous system for good potting 

results. The sand produced the next best root system, although it was 

not given the next highest rating. Perlita alone gave fair rooting 



results, but in many instances the callus developed to an excess and 

there was little or no root development. 
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Using the same mist cycle for all rooting mediums makes some 

difference in the rooting response. The conditions of this experiment 

with a four second mist period every six minutes seemed to be properly 

adjusted for sand and for the perlite and peat mixture. The perlite 

alone did not always appear to have sufficient moisture and the sand 

and peat mixture frequently had an excess of moisture. 

Based upon these observations, it may be concluded that the reason 

for the improved rooting under the yellow and green colors, over the 

amber, during the cooler months was due in part to the higher air 

temperatures which prevailed under these colors. This is only an 

assumption, however, since the air temperatures in the chambers were 

not recorded during the winter. 

The plant measurements of Table XIII do not show any particular 

trend except that the check plot shows several high ratings, but it 

had some of the poorest looking plants. 



CHAPTER VI 

CONCLUSIONS 

Under the conditions of this experiment, it could be concluded 

that: 

lo The response of species tested to light color (as obtained 

from fiberglass) and to rooting medium is offset, in part at 

least, by the application of root inducing hormones. 

2o The rooting response of the individual plant species and 

varieties under fiberglass of the colors tested varied too 

greatly to establish a definite correlation between light 

quality and plant response. 

3. Perlite and peat was an excellent rooting medium when no 

hormone was used to treat the cuttingso 

4. Sand produced the best rooting response when root inducing 

hormones were used. 

On the basis of this investigation it appears that future experiments 

should explore the following: 

(1) Longer photoperiods and their effect on rooting response. 

(2) The use of the colored fiberglass directly on a propagation 

house roof. 

(3) Further investigation of the desirable foliage color and condi

tion of pot plants grown under amber colored fiberglass. 
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CH.APTER VII 

SUMMARY 

Cuttings of four azaleas 1 from three states~ and two .American 

Hollies, from two states 9 were obtained for rooting tests under five 

colors of fiberglass 9 two photoperiodsJ and four rooting mediums. 

Moisture was supplied by an alternating water mist system with a cycle 

of four seconds mist applied in each six minute period. Temperature of 

the rooting medium was controlled with a lead covered electric heating 

cable with thermostats that maintained the temperature between 68° and 

72° F. 

Alsynite fiberglass panels of green, yellowr pink9 red, and amber 

were used to cover the propagation bench. The spectralanalysis by the 

Oklahoma State Physics Laboratory indicated that these fiberglass colors 

transmitted similar qualities of light but the percent of transmission 

varied. 

Each frame (color of fiberglass) was divided into two photoperiods 

one section receiving 8 1/2 hours of daylight and the other section 

receiving an additional three hours of supplemental light9 supplied by 

incandescent bulbs in the middle of the night. 

The four rooting mediums used were sand, perlite~ sand and peat, 

and perlite and peat. 

All untreated cuttings showed a better rooting response in the 

perlite and peat mixture. When hormones were used the rooting response 

was greatest in the sand. 
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Under the long photoperiod~ when no hormone was used, all cuttings 

had a 10 to 14 percent better rooting response under all colors 9 than 

they did under the short photoperiod (natural daylight only)o The 

effect of the various colors on rooting of different plant materials 

varied greatly~ with the best responses being to green, yellow and pink. 

The response to red and amber was poor while the check was fair. The 

average response to the green fiberglass was the best under the long 

photoperiod and to the yellow in the short photoperiodo 

The application of a rooting hormone appeared to reduce the rooting 

response to photoperiod under the conditions of this particular experi

ment. 

Response of potted plants to the colored fiberglass was best under 

the amber and red and poorest under the yellow and pink. Hydrangeas 

did not scorch under the amber and red but did under the other four 

colors. 

The air and soil temperatures during clear summer days were always 

highest under the yellow fiberglass. Under the red and amber fiberglass 

lowest soil and air temperature were recorded. 
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